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BREDON COHOMOLOGICAL DIMENSIONS FOR PROPER ACTIONS
AND MACKEY FUNCTORS
DIETER DEGRIJSE
Abstract. For groups with a uniform bound on the length of chains of finite subgroups,
we study the relationship between the Bredon cohomological dimension for proper actions
and the notions of cohomological dimension one obtains by restricting the coefficients of
Bredon cohomology to (cohomological) Mackey functors or fixed point functors. We also
investigate the closure properties of the class of groups with finite Bredon cohomological
dimension for Mackey functors.
1. Introduction
In this paper we build upon the work of Mart´ınez-Pe´rez and Nucinkis in [29] and
investigate Bredon cohomology with Mackey functor coefficients and the notions of coho-
mological dimension that can be derived from this. Throughout, let G be a discrete group
and let F be the family of finite subgroups of G. The Bredon cohomology H∗F (G,−) of
G for the family F is a generalization of the ordinary group cohomology of G, where the
category of G-modules is replaced by the category Mod-OFG of contravariant functors
from the orbit category OFG to the category of abelian groups. The coefficient category
Mod-OFG has an interesting subclass (see Remark 2.1) MackF(G) consisting of Mackey
functors. Bredon cohomology with Mackey functor coefficients is often easier to handle
than Bredon cohomology with general coefficients since it has more properties in com-
mon with ordinary group cohomology, a key one being the existence of transfer maps.
Inside the category MackF (G) one has the subcategory of cohomological Mackey func-
tors coMackF(G), of which the category of fixed point functors F ix(G) is an important
subcategory. One therefore has the following chain of different classes of coefficients for
Bredon cohomology
F ix(G) ⊆ coMackF(G) ⊆ MackF(G) ⊆ Mod-OFG.
By considering Bredon cohomology with coefficients in these different classes, one obtains
four notions of cohomological dimension, satisfying
(1) Fcd(G) ≤ cdcoM(G) ≤ cdM(G) ≤ cd(G).
Here cd(G) is the Bredon cohomological dimension of G for proper actions, and Fcd(G) is
an invariant introduced by Nucinkis in [30] (see also [31]) using slightly different methods.
Date: November 19, 2018.
1
2The invariant cd(G) has a geometric interpretation. A proper G-CW complex is a G-
CW-complex with finite isotropy groups. A classifying space for proper actions of G, or
model for EG, is a proper G-CW-complex X such that XH is contractible for every finite
subgroup H of G. These spaces appear naturally throughout geometric group theory,
and are important tools for studying groups. Classifying spaces for proper actions also
have important K-theoretical applications. They appear for example in the Baum-Connes
conjecture (see e.g. [1], [24],[23]) and in a generalization to infinite groups by Lu¨ck an
Oliver of the Atiyah-Segal completion theorem (see [22]). We refer the reader to the
survey paper [20] for more information about classifying spaces for families of subgroups
and their applications. With these applications and others in mind, it is important to have
models for EG with good geometric finiteness properties. One such finiteness property is
being finite dimensional. The geometric dimension for proper actions of G is by definition
the number
gd(G) = inf{dim(X) | X is a model for EG}.
This geometric invariant is connected to its algebraic counterpart by the following in-
equalities (see [21, 0.1])
cd(G) ≤ gd(G) ≤ max{cd(G), 3}.
We will investigate the relationship between the invariants in (1), and study the behavior
of these invariants under group extensions and other operations. Our reasons for doing
this are twofold.
The first reason is inspired by the fact that one would like an as easy as possible
geometric or algebraic criterion that decides whether or not a given group G admits a
finite dimensional model for EG. Let nG denote the smallest possible dimension of a
contractible proper G-CW-complex. A conjecture of Kropholler and Mislin (e.g. see [11,
Conj. 43.1]) says that nG <∞ if and only if gd(G) <∞. Kropholler and Mislin verified
their conjecture for groups of type FP∞ in [14, Th. A], and later in [18, Th. 1.10]
Lu¨ck proved it more generally for groups of finite length, i.e. with a uniform bound on the
length of chains of finite subgroups. The general case however, remains unsolved. Nucinkis
formulated an algebraic version of this conjecture (see [31]) stating that Fcd(G) < ∞ if
and only if cd(G) <∞. So, Fcd(G) should be seen as an algebraic version of nG, although
the connection between the two is presently only known to be one-sided. In general one
has Fcd(G) ≤ nG, by a result of Kropholler and Wall (see [15, Th. 1.4]) but it is not even
known whether the finiteness of Fcd(G) implies the finiteness of nG, for all groups G.
The invariants cdcoM(G) and cdM(G) in (1) lead to refinements of Nucinkis’ conjecture.
One could hope to prove the conjecture by using cdcoM(G) and cdM(G) to interpolate
between Fcd(G) and cd(G), or disprove it by showing that the conjectured implication
already fails at cdcoM(G) or cdM(G).
Our second reason for studying Bredon (co)homology with Mackey functor coefficients
and the accompanying notions of (co)homological dimension is that Bredon (co)homology
3coefficients appearing in applications often turn out to te Mackey functors. For exam-
ple, the Baum-Connes conjecture or the Atiyah-Segal completion theorem mentioned
above contain generalized G-(co)homology theories wich can be computed via an Atiyah-
Hirzeburch spectral sequence (see [4, Th. 4.7]) whose second page contains Bredon
(co)homology groups with Mackey functor coefficients. It is therefore of interest to con-
duct a general study of Bredon (co)homology with Mackey functor coefficients and the
related notions of dimension.
The length l(H) of a finite subgroup H of G is the length of the longest chain of
subgroups of H . The length l(G) of G is the supremum of the lengths of the finite
subgroups of G. Given H ∈ F , let NG(H) be the normalizer of H in G. It is known that
the Weyl-group WG(H) = NG(H)/H satisfies Fcd(WG(H)) ≤ Fcd(G) (see [31, Lemma
4.3]). Regarding Nuckinkis’ conjecture and the relationship between the invariants in (1),
it is known that cd(G) ≤ Fcd(G) + l(G) when l(G) < ∞, and vcd(G) = Fcd(G) =
cdM(G) when G is virtually torsion-free. This first statement follows from combining
Theorem 4.4 of [31], Theorem 1.10 of [18] and Theorem 3.10 of [26], and the second
one is the main theorem of [29]. In Theorem A, B and C below, we will generalize or
improve these results. Recently, Nucinkis’ conjecture for groups with unbounded torsion
was studied in [10], and in [27] and [28] the invariant cd(G) was investigated using posets
of finite subgroups.
Theorem A. Let G be a group with l(G) <∞. Then we have
Fcd(G) = cdcoM(G) = cdM(G) ≤ cd(G) ≤ max
H∈F
{
Fcd(WG(H)) + l(H)
}
.
Regarding these inequalities, it should be mentioned that (see Remark 3.6) for each s ∈ N,
there exists a virtually torsion-free group Gs with l(Gs) = s such that
Fcd(Gs) + s = cd(Gs).
Also, in Proposition 4.6 we prove in general that
Fcd(G) = cdcoM(G) if cdcoM(G) <∞.
It is a standard fact that the ordinary cohomological dimension of groups behaves
sub-additively, with respect to group extensions. Since there are examples of virtually
torsion-free groups G for which vcd(G) < cd(G) (see [16, Th. 6 and Ex. 12]), one
concludes that this is no longer true for Bredon cohomological dimension. Moreover, it is
not even known whether the class of groups with finite Bredon cohomological dimension is
closed under group extensions. Since Bredon cohomology with Mackey functor coefficients
behaves better than Bredon cohomology with general coefficients, one could hope that the
invariants cd(co)M(G) (i.e. cdcoM(G) and cdM(G)) do behave sub-additively, with respect
to group extensions. In the second main result, we prove this under some additional
assumptions.
4Theorem B. Consider a short exact sequence
1→ N → G
pi
−→ Q→ 1
such that every finite index overgroup of N in G has a uniform bound on the lengths of its
finite subgroups that are not contained in N . If either cd(co)M(G) < ∞ or cd(N) < ∞,
then we have
cd(co)M(G) ≤ cd(co)M(N) + cd(co)M(Q).
Given a class of groups C, let H1(n)C be the class of all groups G for which there exists
a contractible G-CW-complex of dimension at most n with isotropy in C. As a variation
on this, define H˜1(n)C to be the class of all groups G that act by isometries, discrete orbits
and with isotropy in C on separable CAT(0)-space of topological dimension at most n.
Given two classes of groups C and D, let Ext(C,D) the class of all groups that arise as an
extension of a group in C by a group in D. Denote by Fd, respectively Md, the class of
all groups G with Fcd(G) ≤ d, respectively cdM(G) ≤ d. Finally, denote by L the class
of all groups that have finite length. By Theorem A, we have L ∩ Fd = L ∩Md for all
d ∈ N. We prove that the classes of groups
F =
⋃
d∈N
Fd and M =
⋃
d∈N
Md
satisfy the following attractive collection of closure properties.
Theorem C. For all natural numbers c, d and n, the following hold
(1) Fd and Md are subgroup closed
(2) Fd and Md are closed under taking quotients by finite normal subgroups
(3) Ext(L ∩Mc,Md) ⊆Mc+d
(4) H1(n)Fd ⊆ Fn+d
(5) H˜1(n)Fd ⊆ Fn+d
(5) H˜1(n)Md ⊆Mn+d.
2. Preliminaries
Modules over a category and cohomology. We start by recalling some of the ele-
mentary notions needed to develop a theory of modules over a category and cohomology
of a category. For this we will follow the approach of [17, Ch. 9], to which we refer for
further information and proofs of the statements made in this subsection.
Let C be a small category. A right (left) C-module is a contravariant (covariant) functor
from C to the category of abelian groups Ab. The right (left) C-modules are the objects of
a category Mod-C (C-Mod), where the morphism are natural transformations of functors.
The category Mod-C (C-Mod) is an abelian category, where a sequence
0→ M ′ →M → M ′′ → 0
5is called exact if it is exact after evaluating in c, for all c ∈ Ob(C). Take M ∈ Mod-C and
consider the left exact functor
HomC(M,−) : Mod-C → Ab : N 7→ HomC(M,N),
where HomC(M,N) is the abelian group of all natural transformations from M to N . By
definition, M is a projective C-module if and only if this functor is exact. By considering
the contravariant functor HomC(−, N), one can define injective C-modules in a similar
way. Given M ∈ Mod-C and N ∈ C-Mod, one defines their tensor product M ⊗C N to be
the following abelian group
M ⊗C N =
⊕
c∈Ob(C)
M(c)⊗N(c)
/
I,
where I is the abelian group generated by the elements
M(ϕ)(m)⊗ n−m⊗N(ϕ)(n),
for all ϕ ∈ Mor(c, c′), m ∈M(c′), n ∈ N(c) and for all c, c′ ∈ Ob(C).
Given M ∈ Mod-C and N ∈ C-Mod, one can define the right exact functors
−⊗C N : Mod-C → Ab : V → V ⊗C N
M ⊗C − : C-Mod→ Ab : R→M ⊗C R.
Next, we describe the free modules in Mod-C and C-Mod.
Take c ∈ Ob(C) and define the right C-module
Z[−, c] : C → Ab : b→ Z[b, c],
where Z[b, c] is the free abelian group generated by Mor(b, c) and a morphism ϕ ∈
Mor(b1, b2), is mapped to
Z[ϕ, c] : Z[b2, c]→ Z[b1, c]
where Z[ϕ, c](α) = α◦ϕ for all α ∈ Mor(b2, c). Similarly, one can define the left C-module
Z[c,−] for every c ∈ Ob(c). Arbitrary direct sums of modules of the form Z[−, c] (Z[c,−])
are called free right (left) C-modules. The summands are called basic free modules. A
free module is called finitely generated if it is a direct of finitely many basic free modules.
Free modules are free in the following sense: given a right C-module, an object c ∈ Ob(C)
and an element m ∈M(c), there exists a unique natural transformation ϕ : Z[−, c]→ M
such that ϕ(c)(Idc) = m, and similarly for left modules. This implies that any C-module
is a quotient of a free C-module. A C-module is called finitely generated if it is quotient
of a finitely generated free module. Basic free modules satisfy the following version of
Yoneda’s lemma. Let M ∈ Mod-C and N ∈ C-Mod. For each c ∈ Ob(C), there are
natural isomorphisms
Z[−, c]⊗C N
∼=
−→ N(c) : ϕ⊗ n 7→ N(ϕ)(n),
6M ⊗C Z[c,−]
∼=
−→ M(c) : m⊗ ϕ 7→ M(ϕ)(m)
and
HomC(Z[−, c],M)
∼=
−→M(c) : f 7→ fc(Idc).
Using this last isomorphism, one can easily show that free OFG-modules are projective.
One can also verify that a right C-module is projective if and only if it is a direct summand
of a free C-module.
Let D be a small category. Associated to a functor pi : D → C, one has a restriction
functor
respi : Mod-C → Mod-D : N 7→ N ◦ pi,
an induction functor
indpi : Mod-D → Mod-C :M 7→M(?)⊗D Z[−, pi(?)]
and a coinduction functor
coindpi : Mod-D → Mod-C :M 7→ HomD
(
Z[pi(?),−],M(?)
)
.
Of course, one can define these restriction and (co)induction functors for left modules as
well. The functor indpi is left adjoint to the functor respi and the functor coindpi is right
adjoint to the functor respi. In particular, there are isomorphisms
(2) HomC(indpi(M), N) ∼= HomD(M, respi(N))
(3) HomD(respi(N),M) ∼= HomC(N, coindpi(M))
that are natural in M ∈ Mod-D and N ∈ Mod-C. In a similar spirit, one also has the
following natural isomorphisms
(4) indpi(M)⊗C N ∼=M ⊗D respi(N)
(5) respi(N)⊗D M ∼= N ⊗C indpi(M).
For each M ∈ Mod-C, there exists a free right C-module F , together with a surjection
F → M . By using the splicing technique, this shows that every M ∈ Mod-C admits a
free (and hence projective) resolution. One can also show that every module admits an
injective coresolution. Hence, all the ingredients are in place to construct Ext-functors
ExtnC(−,−) that have all the usual properties.
Finally, let us mention that if C is a preadditive category for which the morphism
sets are free abelian groups, then one can develop an entirely similar theory as above by
considering the categories of contravariant and covariant additive functors from C to Ab.
Essentially the only difference is that in order to construct basis free modules, one does
not have to consider free abelian groups generated by morphism sets, but can use the
7morphism sets themselves (which already are free abelian). This situation will come up
when we consider the Mackey category.
Bredon cohomology. We will now apply the general theory presented above to the or-
bit category with finite isotropy. For more details on Bredon (co)homology one can for
example consult [8] and [32].
A family of subgroups F of a group is a collection of subgroups of that group which is
closed under conjugation and taking subgroups. In what follows, F will always denote the
family of finite subgroups of a given group. Let G be a group. The orbit category OFG
is a category defined as follows: the objects are the transitive G-sets G/H for all H ∈ F
and the morphisms are all G-equivariant maps between the objects. Note that every
morphism ϕ : G/H → G/K is completely determined by ϕ(H), since ϕ(xH) = xϕ(H)
for all x ∈ G. Moreover, there exists a morphism
G/H → G/K : H 7→ xK if and only if x−1Hx ⊆ K.
We denote the morphism ϕ : G/H → G/K : H 7→ xK by G/H
x
−→ G/K.
When applying the theory of the previous section to the orbit category OFG, we will
abbreviate HomOFG(M,N) by HomF(M,N) andM⊗OFGN byM⊗FN . The n-th Bredon
cohomology of G with coefficients M ∈ Mod-OFG is by definition
HnF(G,M) = Ext
n
OFG
(Z,M)
where the functor Z is constantly equal to Z on objects and maps all morphisms to the
identity map. The augmented cellular chain complex C∗(EG
−) → Z of a classifying
space for proper actions of G is a free OFG-resolution of Z that can be used to compute
HnF(G,M). The Bredon cohomological dimension of G for the family F is defined as
cd(G) = sup{n ∈ N | ∃M ∈ Mod-OFG : H
n
F(G,M) 6= 0}.
The invariant cd(G) is also called the Bredon cohomological dimension for proper actions.
When N is a subgroup of G, we have an obvious functor
ιGN : OFN → OFG : N/H 7→ G/H.
The restriction and (co)induction functors associated to this functor will be denoted by
resGN and (co)ind
G
N . Note that in this context, we will usually omit restriction functors from
the notation. It is well-known that (e.g. see [33, Lemma 2.9]) the functor indGN is exact
and that the functor resGN preserves free and hence projective objects. Using this, one
obtains a version of Shapiro’s lemma for Bredon cohomology: for each M ∈ Mod-OFN
we have
HnF (N,M)
∼= HnF(G, coind
G
N (M))
for every n ∈ N. It follows from this isomorphism that cd(N) ≤ cd(G).
8It is clear that one can also define an orbit category, and therefore Bredon cohomology,
for any other family of subgroups of G.
Mackey functors. We now turn to Mackey functors. Mackey functors were introduced
for finite groups by Dress and Green, and were studied extensively in this context by
The´venaz, Webb and others (e.g. see [34], [35]). However, many of the elementary results
obtained about Mackey functors for finite groups generalize to infinite groups and their
family of finite subgroups. Our treatment of Mackey functors follows the approach of
Mart´ınez-Pe´rez and Nucinkis in [29].
Let G be a group and let F be the family of finite subgroups of G. Consider the
diagrams of the form
(6) G/S
ϕ
←− ∆
ψ
−→ G/K
where the maps ϕ and ψ are G-equivariant, S,K ∈ F and ∆ =
∐n
i=1G/Hi is a finitely
generated G-set with stabilizers in F . A diagram of the form (6) is called equivalent to a
diagram
G/S
ϕ′
←− ∆′
ψ′
−→ G/K
if there exists a G-equivariant bijection θ : ∆→ ∆′ such that
∆
ϕ
||③③
③③
③③
③③
θ

ψ
""❊
❊❊
❊❊
❊❊
❊
G/S G/K
∆′
ϕ′
aa❉❉❉❉❉❉❉❉ ψ′
<<②②②②②②②②
commutes. By ωF(S,K) we mean the set of equivalence classes of diagrams of the form (6).
Elements of ωF(S,K) are called morphisms. Note that we also allow the empty morphism
G/S ← ∅ → G/K. One can check that ωF(S,K) is a free abelian monoid with disjoint
union ofG-sets as addition and the empty morphism as neutral element. A basic morphism
in ωG(S,K) is a morphism that can be represented by a diagram of the from G/S
x
←−
G/L
y
−→ G/K. The Mackey Category (also called Burnside category) MFG is defined as
follows. Its objects are the transitive G-sets G/H for all H ∈ F . The space of morphisms
Mor(G/S,G/K) is by definition the abelian group completion of ωF(S,K). Composition
is defined by pullback in the category of G-sets on basis morphisms and then extended via
linearity to all morphisms. To be more specific: let ϕ ∈ Mor(G/S,G/K) be represented
by the diagram G/S
x
←− G/L
x′
−→ G/K and let ψ ∈ Mor(G/K,G/H) be represented by
the diagram G/K
y
←− G/P
y′
−→ G/H . Then the composition ψ ◦ ϕ ∈ Mor(G/S,G/H) is
9represented by the outer diagram below, obtained by taking the pullback in the category
of G-sets of G/L
x′
−→ G/K
y
←− G/P .
∆
{{✇✇
✇✇
✇✇
✇✇
✇
##❍
❍❍
❍❍
❍❍
❍❍
G/L
x
||①①
①①
①①
①① x′
##❋
❋❋
❋❋
❋❋
❋
G/P
y
{{①①
①①
①①
①① y′
##❋
❋❋
❋❋
❋❋
❋
G/S G/K G/H
We will denote the set of morphism from G/S to G/K in MFG by Z
G[S,K]. Let us
point out that this group is different from Z[G/S,G/K], which is the free abelian group
generated by the morphism from G/S to G/K in the orbit category OFG. The category
MackFG is the category with objects the contravariant additive functorsM :MFG→ Ab,
and morphisms all natural transformations between these functors. An object of MackFG
is called a Mackey functor. Of course one can also consider the category of covariant ad-
ditive functors from MFG to Ab, which is isomorphic to MackFG.
When applying the theory of the previous section to the Mackey categoryMFG (which
is a preadditive category), we will abbreviate HomMFG(M,N) by HomMF (M,N) and
M ⊗MFG N by M ⊗MF N . One can construct a functor pi from the orbit category OFG
to the Mackey categoryMFG. Obviously, pi will map an object G/K in OFG to the object
G/K in MFG. A morphism G/S
x
−→ G/K is by definition mapped to the morphism in
the Mackey category represented by G/S ← G/S
x
−→ G/K. The associated restriction
and induction functors
respi : MackFG→ Mod-OFG :M 7→ M ◦ pi =M
∗,
and
indpi : OFG→ MackFG : N 7→ N(?)⊗F Z
G[−, pi(?)]
are connected via an adjointness isomorphism
(7) HomF(N,M
∗) ∼= HomMF (indpi(N),M).
One can show that indpi(Z[−, G/H ]) = Z
G[−, H ] (see [29, Th. 3.7]).
Remark 2.1. The functor
respi : MackFG→ Mod-OFG :M 7→ M
∗
is not a faithfull functor, meaning that there exist Mackey funtors M1 and M2 such
that M1 6= M2 but M
∗
1 = M
∗
1 . Therefore, the notation MackF(G) ⊆ Mod-OFG from
the introduction is a little misleading, and we were careful not to say that MackF(G)
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is a subcategory of Mod-OFG, but used the ‘meaningless’ term subclass. The notation
MackF(G) ⊆ Mod-OFG is just meant to point out that one can consider Bredon coho-
mology with Mackey functor coefficients via the assignment M 7→ M∗. One could also
define cohomology of Mackey functors, within the category MackFG, as the Ext-functors
ExtnMFG(Z
G,M) where ZG = ZG[−, G] = indpi(Z) is the Burnside ring functor. However,
Mart´ınez-Pe´rez and Nucinkis prove in [29, Th. 3.8.] that
ExtnMFG(Z
G,M) ∼= ExtnOFG(Z,M
∗),
so this does not give anything new.
In what follows we will also require the following notation. Let M ∈ MackFG be a
Mackey functor. For H ⊆ K ∈ F and g ∈ G one defines the maps
- RKH =M(G/H ← G/H → G/K) :M(G/K)→M(G/H)
- IKH =M(G/K ← G/H → G/H) :M(G/H)→M(G/K)
- cg(H) =M(G/
gH
g−1
←−− G/H → G/H) :M(G/H)→M(G/gH).
RKH is called a restriction map, I
K
H is called an induction map or transfer map and cg(H) is
called a conjugation map. One could also define a Mackey functor as collection of abelian
group {M(G/H)}H∈F , together with a collection of restriction, induction and conjugation
maps between these abelian groups, that satisfy certain compatibility conditions including
the so-called Mackey axiom (see Section 2 of [34] and [35]).
Interesting examples of Mackey functors arise naturally from representation rings, Burn-
side rings, topological K-theory of classifying spaces and algebraic K-theory of group rings
of finite groups, to name just a few. A lot of interesting Mackey functors have an addi-
tional property called conjugation invariance (e.g. see [12]), which says the the conjuga-
tion maps cg :M(G/H)→M(G/H) are identity maps for all H ∈ F and all g contained
in the centralizer CG(H) of H in G. For this reason, the conjugation invariance condition
is sometimes (e.g. in [19, Sec. 5]) added to the definition of a Mackey functor. We do not
require this, and work with the most general definition of a Mackey functor.
A Mackey functor M ∈ MackFG is called cohomological if
IKH ◦R
K
H = [K : H ]Id
for all H ⊆ K ∈ F . The subcategory of MackFG containing all cohomological Mackey
functors will be denoted by coMackFG. Note that quotient and sub-Mackey functors
of cohomological Mackey functors are again cohomological Mackey functors. Important
examples of cohomological Mackey functors include fixed point functors and coinvariance
functors. LetM be a left G-module. The fixed point functor M is defined by the collection
of abelian groups M(G/H) =MH for all H ∈ F where
MH = {m ∈M | h ·m = m for all h ∈ H},
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and for all L ⊆ K ∈ F and g ∈ G, the restriction, induction and conjugation maps
RKL :M
K → ML : m 7→ m,
IKL :M
L → MK : m 7→
∑
k∈K/L
k ·m
and
cg(K) :M
K → M
gK : m 7→ g ·m.
It is an easy matter to verify that this data indeed produces a cohomological Mackey
functor M : MFG → Ab : G/H 7→ M
H . The subcategory of coMackFG consisting of
fixed point functors will be denoted by F ix(G). The functor from the category of left G-
modules to the category of Mackey functors of G that assigns to a G-module M the fixed
point functor M is right adjoint (see [29, Lemma 4.2]) to the evaluation at the identity
functor
ev : MackFG→ G-Mod :M 7→ M(G/e).
In particular, for every G-moduleM and every Mackey functor N of G, there is a natural
isomorphism
HomG(N(G/e),M)
∼=
−→ HomMF (N,M).
Since for any right OFG-module L, one has indpi(L)(G/e) ∼= L(G/e) as G-modules (be-
cause ZG[e,H ] = Z[G/e,G/H ]), one can combine the isomorphism above with the iso-
morphism (7) to obtain an adjointness isomorphism
HomG(L(G/e),M)
∼=
−→ HomF(L,M
∗)
for every left G-module M and every right OFG-module L. One can view M as being
the zeroth cohomology functor G/H 7→ H0(H,M). More generally, it turns out that all
cohomology functors G/H 7→ Hn(H,M) have the structure of a cohomological Mackey
functor, as do the homology functors G/H 7→ Hn(H,M) (e.g. see [3, Prop. 9.5]). We will
call the zeroth homology functor G/H 7→ H0(H,M), the coinvariance functor associated
to M and denote it by M .
Suppose that N is a subgroup of G. Then, we have a functor ιGN : MF∩NN →MFG
defined in the obvious way. Just as before but now for Mackey functors, this functor
induces a restriction functor resGN that preserves projective objects (see [29, Prop. 3.1])
and an exact (co)induction functor (co)indGN satisfying the usual adjointness properties.
The restriction functors of the form resGN will usually be omitted from the notation. The
following two propositions contain key properties of Mackey functors, which fail in general
for right OFG-modules. These properties are the main reason why Mackey functors are
interesting from a cohomological point and view and they explain why Mackeys functor are
perhaps a more natural generalization of ordinary G-modules than right OFG-modules.
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Proposition 2.2. [29, Lemma 3.2 and Th. 3.3] Let N be subgroup of G and M ∈
MackFN . There is a natural inclusion of Mackey functors
i : indGN(M)→ coind
G
N(M).
Moreover, for each S ∈ F , we have
indGN(M)(G/S)
∼=
⊕
x∈[N\G/S]
M(N/xS ∩N)
coindGN(M)(G/S)
∼=
∏
x∈[N\G/S]
M(N/xS ∩N)
such that the inclusion i(G/S) corresponds to the natural inclusion of the sum into the
product. If these natural inclusions are isomorphisms for each S ∈ F , then indGH(M)
and coindGH(M) are isomorphic as Mackey functors. In particular, this happens when
[G : N ] <∞.
Using the adjointness isomorphism (7) one can check that for every M ∈ MackFN ,
there is an isomorphism of right OFG-modules
(8) coindGN (M)
∗ ∼= coindGN(M
∗).
On the other hand, the right OFG-modules ind
G
N(M)
∗ and indGN(M
∗) are quite different.
The reason for this discrepancy and for the fact the that the proposition above is not
true for modules over the orbit category is basically that the space of morphisms between
objects in the Mackey category is symmetric (i.e. ZG[H,K] = ZG[K,H ]), while morphism
sets in the orbit category are highly asymmetrical.
To state the second proposition, we need to generalize our notion of Mackey functor in
the following way. Let S be a family of subgroups of G. In (6), we allow more generally
all diagrams of the form
G/S
ϕ
←− ∆
ψ
−→ G/K
where the maps ϕ and ψ are G-equivariant, S,K ∈ S and ∆ =
∐n
i=1G/Hi is a finitely
generated G-set such that Hxi, where ϕ(eHi) = xiS, is a finite index subgroup of S for
each i ∈ {1, . . . , n}. Now can proceed similarly as before to obtain a category MSG
which allows for isotropy in all subgroup of S. A Mackey functor of G for the family
S is a contravariant additive functor from MSG to Ab. As before one can also define
restriction, induction and conjugation maps for these Mackey functors, keeping in mind
that the induction maps IKH will only exist when H is a finite index subgroup of K.
Let ALL be the family containing all subgroups of G. The following proposition was
proven in [13, Cor. 4.14 and Prop. 5.4] in the case where G is a finite group and F is a
family of subgroups of G. The proof goes trough in the case of infinite groups.
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Proposition 2.3. [13, Cor. 4.14 and Prop. 5.4] Let G be a group and let M ∈ MackFG
be a (cohomological) Mackey functor. Then for each n,
MALLG→ Ab : G/N 7→ H
n
F(N,M
∗)
is a (cohomological) Mackey functor.
More generally this proposition is also true when F is replaced by any other family of
subgroups containing only finite subgroups.
3. An upper bound for the Bredon cohomological dimension for proper
actions
LetG be a group and let F be the family of finite subgroup ofG. In [30] (see also [31] and
[9]), Nucinkis introduces a cohomology theory FH∗(G,M) for groups G and G-modules
M , relative to the family of finite subgroups F . The groups FH∗(G,M) can be computed
by taking the cohomology of a cochain complex obtained from applying HomG(−,M) to
an F -projective resolution P∗ → Z. An F -projective resolution P∗ → Z is by definition
an exact chain complex of G-modules P∗ → Z that is split when restricted to every finite
subgroup of G, and such that each Pn is a direct summand of a G-module of the form
V ⊗Z[∆], where ∆ is the G-set
∐
H∈F G/H and V is a G-module. The cohomology theory
FH∗(G,−) yields the notion of cohomological dimension of G, relative to the family of
finite subgroups
Fcd(G) = sup{n ∈ N | ∃M ∈ G-Mod : FHn(G,M) 6= 0}.
Using the following known proposition one can also define Fcd(G) using Bredon coho-
mology with fixed point functor coefficients.
Proposition 3.1. ([29, Th. 4.3] or [26, Eq. (3)]) Let G be a group. Then we have
FHn(G,M) ∼= HnF(G,M
∗)
for every G-module M and every n ∈ N, and hence
Fcd(G) = sup{n ∈ N | ∃M ∈ F ix(G) : HnF(G,M
∗) 6= 0}.
Proof. Let F be a free OFG-resolution of Z. In [31, Cor. 3.4] it is shown that F (G/e)
is an F -projective resolution of Z that can be used to compute FHn(G,M). Since fixed
point functors are right adjoint to evaluation at the identity functors, we obtain
HnF (G,M
∗) = Hn(HomF(F∗,M
∗)) ∼= Hn(HomG(F∗(G/e),M)) = FH
n(G,M).

It is an immediate fact that Fcd(G) ≤ cd(G).
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Definition 3.2. Let H be a finite subgroup of a group G. An l-chain of H is a strictly
ascending sequence of subgroups
{e} = H0 ( H1 ( . . . ( Hl = H.
The length l(H) of a finite subgroup H of G is the largest integer l such that there exists
an l-chain of H . The lenght of G is by definition
l(G) = sup{l(H) | H ∈ F}.
Let M be a right OFG-module. We define the number
ξ(M) = min{l(H) | H ∈ F such that M(G/H) 6= 0}
if M is not the zero module, and put ξ(0) = ∞. It is clear that ξ(M) ≤ l(G) for every
non-zero right OFG-module M . If the group G has a uniform bound on the orders of
its finite subgroups, then l(G) < ∞. On the other hand, there are many groups with
l(G) <∞ but unbounded torsion.
Let H be a finite subgroup of a group G. The normalizer of H in G is denoted by
NG(H) and the Weyl-group WG(H) is the quotient NG(H)/H .
Lemma 3.3. Let G be a group and let M be a non-zero right OFG-module. For every
integer d ≥ 0 exists an exact sequence of right OFG-modules
0→M
f0
−→M∗0
f1
−→M∗1
f2
−→ . . .
fd−→ M∗d → Q→ 0
such that d+ ξ(M) < ξ(Q) and Mi ∈ MackF (G) for all i ∈ {0, . . . , d}. Moreover, one has
HnF(G,M
∗
i )
∼=
∏
H∈(F) s.t.
l(H)≥i+ξ(M)
HnF (WG(H), Ki(G/H)
∗)
for every i ∈ {0, . . . , d} and each n ∈ N. Here Ki is the image of fi and (F) is a set
containing one representative of each conjugacy class in F .
Proof. Let M be a non-zero right OFG-module M . Take H ∈ F and let WG(H) be the
Weyl-group of H considered as a category with one object. Associated to the functor
WG(H)→ OFG :WG(H) 7→ G/H , there is a restriction functor
res : Mod-OFG→ Mod-WG(H) :M 7→M(G/H)
and a coinduction functor
coind : Mod-WG(H)→ Mod-OFG : V 7→ HomWG(H)(Z[G/H,−], V ),
such that coind is the right adjoint of res. Define DHM = coind(M(G/H)) and note
that the adjoint of Id : M(G/H) → M(G/H) yields an canonical map jH : M → DHM
which is the identity map when evaluated at H , and an isomorphism when evaluated
at any conjugate subgroup Hg. Denote by (F) a subset of F containing exactly one
representative from each conjugacy class in F . Now define DM =
∏
H∈(F)DHM and
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notice that the maps jH assemble to form an inclusion f0 : M → DM . We construct an
exact sequence
0→M
f0
−→ DM → CM → 0
and claim that f0(K) is an isomorphism for all K ∈ F such that l(K) ≤ ξ(M). Indeed,
take K ∈ F such that l(K) ≤ ξ(M). If DHM(G/K) 6= 0, then this implies that H is
subconjugate toK. Assume thatH is conjugate to a proper subgroup ofK. Then we have
l(H) < l(K) and therefore M(G/H) = 0. This however implies that DHM(G/K) = 0,
which is a contradiction. We conclude that H is conjugate to K. In this case jH(G/K) :
M(G/K) → DHM(G/K) is an isomorphism. Since (F) contains exactly one H that is
conjugate to K, the claim is proven.
We deduce that ξ(CM) is strictly larger than ξ(M). Continuing this process and
denoting C(Ck−1M) by CkM , we obtain an exact sequence
0→ M
f0
−→ DM
f1
−→ DCM
f2
−→ DC2M
f3
−→ . . .
fd−→ DCdM → Cd+1M → 0
such that
ξ(M) < ξ(CM) < ξ(C2M) < ξ(C3M) < . . . < ξ(Cd+1M).
This implies that ξ(M) + i ≤ ξ(C iM) for all i. In Example 4.8 of [13] it is shown that
the modules D(−) in the exact sequence
0→ M → DM → DCM → DC2M → . . .→ DCdM → Cd+1M → 0
have a Mackey functor structure. Now denoteM∗i = DC
iM , Cd+1M = Q and Ki = C
iM .
It remains to show that
HnF(G,M
∗
i )
∼=
∏
H∈(F) s.t.
l(H)≥i+ξ(M)
HnF (WG(H), Ki(G/H)
∗)
for every i ∈ {0, . . . , d}. First note that since ξ(M)+i ≤ ξ(Ki) and cohomology commutes
with products, it suffices to prove that
HnF(G,DHM)
∼= HnF(WG(H),M(G/H)
∗)
for every right OFG-module M and any H ∈ F . Recall that DHM = coind(M(G/H))
and that coind is the right adjoint of res. Now let F∗ → Z be a free OFG-resolution of Z.
Then we have,
HnF (G,DHM) = H
n(HomOFG(F∗, DHM))
∼= Hn(HomWG(H)(F∗(G/H),M(G/H))).(9)
Consider the quotient map pi : NG(H)→ WG(H) and the functor
p : OFWG(H)→ OFNG(H) : WG(H)/L 7→ NG(H)/pi
−1(L),
and let resp be the associated restriction functor. The functor resp is exact. Moreover, one
easily verifies that resp(Z[−, NG(H)/K]) = Z[−,WG(H)/pi(K)] for every finite subgroup
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K of NG(H) that contains H and resp(Z[−, NG(H)/K]) = 0 for all finite subgroups K of
NG(H) that do not contain H . Therefore, the functor resp also preserves free and hence
projective modules. Now view, via restriction, the resolution F∗ → Z as a free OFNG(H)-
resolution of Z. Then resp(F∗) → Z is a free OFWG(H)-resolution of Z. Therefore, we
have
HnF (WG(H),M(G/H)
∗) = Hn(HomOFWG(H)(resp(F∗),M(G/H)
∗))
∼= Hn(HomWG(H)(resp(F∗)(WG(H)/e),M(G/H)))
∼= Hn(HomWG(H)(F∗(G/H),M(G/H))),(10)
where the first isomorphism follows from the fact that fixed point functors are right adjoint
to evaluation at the identity functor. Combining (9) and (10), we conclude that
H∗F(G,DHM)
∼= H∗F (WG(H),M(G/H)).
This finishes the proof. 
Remark 3.4. The existence of the exact sequence in the previous lemma is proven in [13,
Lemma 4.10] for finite groups. Our proof is an immediate generalization of that proof.
The observation that
HnF(G,M
∗
i )
∼=
∏
H∈(F) s.t.
l(H)≥i+ξ(M)
HnF (WG(H), Ki(G/H)
∗)
has, as far as we are aware, not appeared in the literature before.
Using this lemma, we can prove the first part of Theorem A from the introduction.
Theorem 3.5. Let G be a group with l(G) <∞. Then we have
cd(G) ≤ max
H∈F
{
Fcd(WG(H)) + l(H)
}
.
Proof. We may assume that Fcd(G) < ∞, otherwise there is nothing to prove. Let n =
maxH∈F
{
Fcd(WG(H))+l(H)
}
. To prove the theorem we must show that Hn+1F (G,M) =
0 for every right OFG-module M . To this end, fix a right OFG-module M and assume
by contradiction that Hn+1F (G,M) 6= 0 . Now let
0→ M
f0
−→M∗0
f1
−→M∗1
f2
−→ . . .
fd−→ M∗d → 0
be the exact sequence constructed in Lemma 3.3 for d = l(G) (this forces Q = 0). Recall
that the image of fi is denoted byKi. By considering the long exact cohomology sequences
associated to
0→ Ki →M
∗
i
fi+1
−−→ Ki+1 →
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and noticing that
Hn+1−iF (G,M
∗
i ) =
∏
H∈(F) s.t.
l(H)≥i+ξ(M)
Hn+1−iF (WG(H), Ki(G/H)
∗) = 0
for all i ≤ d (since Fcd(WG(H)) < n+ 1− i, if l(H) ≥ i), it follows that
Hn+1F (G,M) = H
n+1
F (G,K0) 6= 0 =⇒ H
n
F (G,K1) 6= 0 =⇒ H
n−1
F (G,K2) 6= 0 =⇒
. . . =⇒ Hn+1−iF (G,Ki) 6= 0 =⇒ . . . =⇒ H
n+1−d
F (G,M
∗
d ) = H
n+1−d
F (G,Kd) 6= 0.
This is a contradiction. We conclude that Hn+1F (G,M) = 0, and hence cd(G) ≤ n. 
Remark 3.6. By combining Theorem C of [5] together with Example 3.6 of [28], as
Example 6.5 of [5], one obtains for every natural number s ∈ N a virtually torsion free
group Gs such that l(Gs) = s and
Fcd(Gs) + s = cd(Gs).
This could cause one to be sceptical regarding Nucinkis’ conjecture for groups with l(G) =
∞. However, one should keep in mind that in the example mentioned above (and all
other known examples of a similar nature), Fcd(Gs) grows linearly with s. So it is still
conceivable that there exists an upper bound for cd(G) in terms of Fcd(G) that does not
involve the notion of length of finite subgroups. For example, there are no counterexamples
known to the inequality cd(G) ≤ Fcd(G)2. Let us mention that it is also still an open
problem whether cd(G) = Fcd(G) when G admits a cocompact model for EG or an
OFG-resolution of Z consisting of finitely generated free OFG-modules. The groups Gs
above do not admit such a model or such a resolution.
The following corollary is immediate.
Corollary 3.7. Let G be a group of finite length such that
Fcd(WG(H)) + l(H) ≤ Fcd(G)
for every finite subgroup H of G. Then we have
Fcd(G) = cd(G).
We end this section with the following theorem, which is the most general statement
we can prove regarding the Kropholler-Mislin/Nucinkis conjecture.
Theorem 3.8. Let G be a group. The following three statements are equivalent.
(i) There exists a finite dimensional contractible proper G-CW-complex. There exists
an integer d and a finite dimensional proper G-CW complex X such that XH is
contractible for all finite subgroups H of G for which l(H) ≥ d.
(ii) There exist integers m and d such that Fcd(G) ≤ m and Hm+1F (G,M) = 0 for all
M with ξ(M) ≥ d.
(iii) There exists a finite dimensional model for EG.
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Proof. First assume that (i) holds. As mentioned in the introduction, nG < ∞ implies
that Fcd(G) < ∞. Let m be the dimension of X . Note that we may assume that
Fcd(G) ≤ m by replacing X with the join X ∗
(∐
H∈F G/H
)
a sufficient amount of
times. By applying the Equivariant Extension Theorem ([17, Prop. 2.3]) to the G-map
X → G/G and the function
η : F → Z ∪ {∞} : H 7→
{
∞ if l(H) ≥ d
−1 otherwise,
we obtain a model Y for EG such that all cells above dimension m have isotropy groups
H with l(H) < d. Let M be a right OFG-module for which ξ(M) ≥ d. By definition, we
have M(G/H) = 0 for a H ∈ F for which l(H) < d. Because Y is a model for EG, it
follows that
HiF(G,M)
∼= Hi(HomF(C∗(Y
−),M)).
Since for all i > m one has
HomF(Ci(Y
−),M) = HomF (
⊕
α∈I
Z[−, G/Hα],M) =
∏
α∈I
M(G/Hα)
with l(Hα) < d, we conclude that H
m+1
F (G,M) = 0. This shows that (i) implies (ii). It is
trivial that (iii) implies (i), so it remains to show that (ii) implies (iii).
Assume (ii) holds and let M be a right OFG-module. By Lemma 3.3, there is an exact
sequence of right OFG-modules
0→M
f0
−→M∗0
f1
−→M∗1
f2
−→ . . .
fd−1
−−→M∗d−1 → Q→ 0
such that d ≤ ξ(Q) and HrF(G,M
∗
i ) = 0 for every i ∈ {0, . . . , d− 1} and all r > m. Now
proceeding as in the proof of Theorem 3.5, one obtains an implication
Hm+d+1F (G,M) 6= 0 =⇒ H
m+1
F (G,Q) 6= 0.
Since ξ(Q) ≥ d, this proves that Hm+d+1F (G,M) = 0 for every right OFG-module M . We
conclude that cd(G) ≤ m+ d, so there exists a finite dimensional model for EG. 
4. Cohomological dimensions for Mackey functors
Let G a group and let F be the family of finite subgroups of G. By only allowing
Mackey functors as coefficients for Bredon cohomology, Mart´ınez-Pe´rez and Nuckinkis
define the following invariant.
Definition 4.1. (see [29, Def. 3.4] ) The Mackey cohomological dimension of a group G
is
cdM(G) = sup{n ∈ N | ∃M ∈ MackF(G) : H
n
F(G,M
∗) 6= 0}.
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It as an immediate consequence of Shapiro’s Lemma and (8) that
(11) cdM(N) ≤ cdM(G)
for every subgroup N of G. By restricting the coefficients even further to cohomological
Mackey functors, we obtain yet another notion of cohomological dimension.
Definition 4.2. For a group G, we define
cdcoM(G) = sup{n ∈ N | ∃M ∈ coMack(G) : H
n
F (G,M
∗) 6= 0}.
We now have four notions of cohomological dimension of a group G for the family of
finite subgroups, that satisfy
(12) Fcd(G) ≤ cdcoM(G) ≤ cdM(G) ≤ cd(G).
In the previous section we have already examined the relationship between Fcd(G)
and cd(G) when l(G) < ∞. In [29, Th. 5.1] Mart´ınez-Pe´rez and Nucinkis show that
vcd(G) = Fcd(G) = cdM(G) when G is virtually torsion-free. We will show that the
equality Fcd(G) = cdM(G) holds more generally for groups G of finite length. In the
process, we will also show that the invariant cdcoM(G) behaves as expected when passing
to subgroups, and is closely related to the invariant Fcd(G).
We start with some technical results.
Lemma 4.3. Let G be a group and let N be subgroup of G. For every N-module M one
has an isomorphism of Mackey functors
coindGN (M)
∼= coindGN(M)
and
indGN(M)
∼= indGN(M).
Proof. Since fixed point functors are right adjoint to evaluation at the identity functors,
and coinduction functors are right adjoint to restriction functors, we obtain for every
K ∈ MackFN an isomorphism
HomMF (K, coind
G
N (M))
∼=
−→ HomMF (K, coind
G
N(M))
that is natural in K. By letting K equal the free modules ZG[−, H ], for all H ∈ F , and
using the naturality in K, we obtain the isomorphism
Ψ : coindGN(M)
∼=
−→ coindGN(M).
Combining this map with the natural inclusion indGN(M)→ coind
G
N (M) from Proposition
2.2, we obtain an inclusion of Mackey functors
Ω : indGN(M)→ coind
G
N(M)
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The natural inclusion of G-modules indGN(M)→ coind
G
N (M) yields an inclusion of Mackey
functors Φ : indGN (M)→ coind
G
N(M). By considering the evaluation at G/e, one sees that
the image of Ω exactly coincides with image of Φ. Hence, there is an isomorphism.
indGN(M)
∼=
−→ indGN(M).

The following proposition is a generalization from finite groups to infinite groups of
Theorem 16.5(i) in [34]. It gives fixed point functors a special status inside the category
of cohomological Mackey functors.
Proposition 4.4. Every cohomological Mackey functor is a quotient of a fixed point
functor.
Proof. Let M ∈ coMackFG, and let m ∈ M(G/H) for H ∈ F . Define the natural
transformation
ΘH,m : Z→ res
G
H(M)
by setting θ(H/L)(1) = RHL (m). Using the fact that M (and hence res
G
H(M)) is a coho-
mological Mackey functor, one checks that ΘH,m is well-defined. By the adjointness of
induction and restriction functors and the second isomorphism of Lemma 4.3, we obtain
a natural transformation
ΨH,m : Z[G/H ]→M
such that ΨH,m(G/H)(eH) = m.
Although this is not necessary for the proof, we will also give an explicit description of
ΨH,m. For this we first need to agree on a basis. Let H,K ∈ F . By viewing G/H as a
K-set and writing it as a disjoint union of transitive K-sets, one checks that there is an
isomorphism of K-modules⊕
x∈[K\G/H]
Z[K/K ∩ xH ]→ Z[G/H ] : k(K ∩ xH) 7→ kxH.
Since Z[K/K ∩ xH ]K is an infinite cyclic group generated by
∑
k∈K/K∩xH k(K ∩
xH), it
follows that { ∑
k∈K/K∩xH
kxH | x ∈ [K \G/H ]
}
is a Z-module basis for Z[G/H ]K . Using this basis, the map ΨH,m(G/K) is given explicitly
by
ΨH,m(G/K) : Z[G/H ]
K → M(G/K) :
∑
k∈K/K∩xH
kxH 7→ IKK∩xH ◦R
xH
K∩xH ◦ cx(H)(m).
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Now let {mi}i∈IH be a set of Z-module generators of M(G/H). Then
ΨH =
⊕
i∈IH
ΨH,mi :
⊕
i∈IH
Z[G/H ]→M
is a natural transformation of Mackey functors such that ΨH(G/H) is surjective. Hence,
the natural transformation
Ψ =
⊕
H∈F
ΨH :
⊕
H∈F
⊕
i∈IH
Z[G/H ]→M
is surjective. Since ⊕
H∈F
⊕
i∈IH
Z[G/H ] =
⊕
H∈F
⊕
i∈IH
Z[G/H ],
we conclude that M is a quotient of a fixed point functor.

To show that the invariant cdcoM(G) behaves well when passing to subgroups, one has
to invoke Shapiro’s Lemma. This however requires that the coinduction of a cohomological
Mackey functor is also a cohomological Mackey functor. Rather than showing this directly,
we will prove this by using the proposition above.
Proposition 4.5. If N is a subgroup of G, then
cdcoM(N) ≤ cdcoM(G).
Proof. Let R ∈ MackFN be a cohomological Mackey functor. It follows from Proposition
4.4 that there exists an N -module M and a surjection of Mackey functors M → R. By
applying coindGN and using the first isomorphism of Lemma 4.3, we obtain a surjection of
Mackey functors
coindGN(M)→ coind
G
N(R).
Since coindGN(M) is a cohomological Mackey functor for G, we conclude that coind
G
N(R) is
also a cohomological Mackey functor for G. The proposition now follows from Shapiro’s
lemma and (8). 
As announced earlier, we show that the invariant cdcoM(G) is closely related to the
invariant Fcd(G).
Proposition 4.6. Let G be a group such that cdcoM(G) <∞, then
Fcd(G) = cdcoM(G).
Proof. Assume that cdcoM(G) = n < ∞, and let M be a cohomological Mackey functor
such that HnF (G,M
∗) 6= 0. By Proposition 4.4, there exists a G-module V and a surjec-
tion of Mackey functors V → M . A long exact cohomology sequence then implies that
HnF(G, V
∗) 6= 0. We conclude that Fcd(G) = cdcoM(G). 
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Definition 4.7. Let G be a group, let M ∈ MackFG be a Mackey functor and let F be
a finite subgroup of G. The subfunctor of M generated by F is the Mackey functor
MF =
⋂{
R is a Mackey subfunctor of M for which R(G/F ) =M(G/F )
}
.
Since the morphism G/F g
g
←− G/F → G/F in the Mackey category induces an isomor-
phism between M(G/F ) and M(G/F g), it follows that MF =MF g for every g ∈ G. One
says that M is generated by a collection {Fi}i∈I of finite subgroups of G, if the canonical
map ⊕
i∈I
MFi →M
is surjective. Note that one may always assume that the collection {Fi}i∈I contains at
most one representative of each conjugacy class of finite subgroups of G.
The following lemma is implicitly contained in the proof of Theorem 5.1 in [29].
Lemma 4.8. Let G be a group and let K be a finite subgroup of G. Let M ∈ MackFG be
a Mackey functor that is generated by K such that M(G/S) = 0 for all S ( K. Denote
by Q the normalizer of K in G. There exists a Mackey functor T ∈ MackFQ that satisfies
T (Q/S) =
{
M(G/K)S/K if K ⊆ S
0 otherwise,
and such that there exists a surjection of Mackey functors
coindGQ(T )→M.
Proof. Given a finite subgroup K of G and its normalizer Q, there exists an inflation
functor (see [34, below Prop. 2.2])
infQQ/K : MackFQ/K → MackFQ : N 7→ inf
Q
Q/K(N)
given by
infQQ/K(N)(S) =
{
N(S/K) if K ⊆ S
0 otherwise.
Moreover, if M ∈ MackFG is a Mackey functor that is generated by K such that
M(G/S) = 0 for all S ( K, then by Section 4 in [29], there is an adjunction isomorphism
HomQ/K(U,M(G/K)) ∼= HomMF (ind
G
Qinf
Q
Q/K(U),M)
for every Q/K-module U . Here U is the coinvariance functor associated to the Q/K-
module U . Hence, we can choose U =M(G/K) to obtain a map
indGQinf
Q
Q/K(M(G/K))→M
Denoting T = infQQ/K(M(G/K)), we get a map
ψ : indGQ(T )→ M.
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By using the fact that T (Q/K) = M(G/K), one can verify that ψ is surjective when
evaluated at G/K. Since M is generated by K, we conclude that ψ is surjective. It now
suffices to prove that indGQ(T ) = coind
G
Q(T ). By Proposition 2.2, this is equivalent to
showing that the natural inclusion
(13)
⊕
x∈[Q\G/S]
T (Q/xS ∩Q)→
∏
x∈[Q\G/S]
T (Q/xS ∩Q)
is an isomorphism for every finite subgroup S of G. Now, by construction T (Q/xS ∩Q)
is zero unless K ⊆ xS ∩ Q. Since S is a finite group, it can contain only finitely many
different subgroups of the form Kx, with x ∈ G. On the other hand, if Kx = Ky, then
xy−1 ∈ Q and hence x and y represent the same element in [Q \G/S]. We conclude that
for every finite subgroup S of G, there are only finitely many x ∈ [Q \ G/S] such that
T (Q/xS∩Q) is non-zero. This shows that the map (13) is an isomorphism for every finite
subgroup S of G. 
Lemma 4.9. Let G be a group such that cdM(G) = n < ∞. Let M ∈ MackFG be
generated by a collection of finite subgroups Ω, such that there is a uniform bound on the
lengths of the groups in Ω. If HnF(G,M) 6= 0, then there exists a finite subgroup F of G
such that M(G/F ) 6= 0 and a WG(F )-module V such that
HnF(WG(F ), V ) 6= 0.
Proof. By assumption, we have a surjection⊕
F∈Ω
MF →M → 0,
whereMF is the subfunctor ofM generated by F ∈ Ω. A long exact cohomology sequence
implies that HnF (G,
⊕
F∈ΩM
∗
F ) 6= 0. We will now make two reductions.
A. We may assume that for each F ∈ Ω one has MF (G/S) = 0 for all S ( F .
We claim that by possibly modifying the collection Ω and functors MF , we may
assume that for each F ∈ Ω one has MF (G/S) = 0 for all S ( F , while
HnF(G,
⊕
F∈ΩM
∗
F ) 6= 0 still holds. We will prove this claim by induction on
τ({MF }F∈Ω) = max{l(F ) | F ∈ Ω s.t. ∃S ( F :MF (G/S) 6= 0}.
If MF (G/S) = 0 for all S ( F and for all F ∈ Ω, then we set τ({MF}F∈Ω) = 0.
Note that τ({MF }F∈Ω) is finite, since there is a uniform bound on the lengths of
the groups in Ω. If τ({MF }F∈Ω) is zero, then there is nothing to prove. Let k > 0
and assume our claim is true when τ({MF }F∈Ω) < k. Now proceed by induction
and assume that τ({MF}F∈Ω) = k and H
n
F(G,
⊕
F∈ΩM
∗
F ) 6= 0.
Let F ∈ Ω and define Ω˜F to be the set containing all S ( F for which
MF (G/S) 6= 0. If no such S exist then set Ω˜F = {F}. For each S ∈ Ω˜F , de-
fine NS to be the Mackey subfunctor of MF generated by S. Let Ω˜ =
∐
F∈Ω Ω˜F
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and define NF =
⊕
S∈Ω˜F
NS. Finally, consider the natural map from NF to MF
and denote the kernel of this map by RF . Now consider the short exact sequences
(14) 0→
⊕
F∈Ω
RF →
⊕
F∈Ω
NF →
⊕
F∈Ω
BF → 0
and
(15) 0→
⊕
F∈Ω
BF →
⊕
F∈Ω
MF →
⊕
F∈Ω
MF/BF → 0.
The long exact cohomology sequence associated to (15) implies that either
HnF (G,
⊕
F∈Ω
(MF/BF )
∗) 6= 0
or
HnF(G,
⊕
F∈Ω
B∗F ) 6= 0.
In the first case, we have MF/BF (G/S) = 0 for all S ( F and MF/BF is
generated by F , as desired. In the second case we obtain that HnF(G,
⊕
F∈ΩN
∗
F ) 6=
0, by considering the long exact cohomology sequence associated to (14).
Since ⊕
F∈Ω
NF =
⊕
S∈Ω˜
NS,
and by construction τ({NS}S∈Ω˜) < k, the claim follows by induction.
B. We may assume that Ω contains at most one representative of each conju-
gacy class of subgroups of G, while assumption A still holds.
To prove this, let Ω˜ be a subset of Ω containing exactly one representative from
each conjugacy class of subgroups in Ω and define
M˜F =
⊕
F0∈Ω s.t.
∃g∈G:F0=F g
=MF0
for each F ∈ Ω˜. Then clearly⊕
F∈Ω˜
M˜F =
⊕
F∈Ω
MF .
Moreover M˜F is generated by F and M˜F (G/S) = 0 for every subgroup S ( F ,
since D(G/S) ∼= D(G/Sg) for every Mackey functor D and every g ∈ G. This
finishes the proof of reduction B.
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We now proceed assuming A and B.
Denote, for each F ∈ Ω, the normalizer of F in G by QF . By Lemma 4.8 there exists
for each F ∈ Ω a Mackey functor TF ∈ MackFQF that satisfies
TF (QF/S) =
{
MF (G/F )S/F if F ⊆ S
0 otherwise,
and a surjection of Mackey functors
RF = coind
G
QF
(TF )→MF .
One easily checks, using Proposition 2.2, that for each finite subgroup S of G, the group
RF (G/S) is non-trivial only if F is conjugate to a subgroup of S. Since Ω contains at
most one representative of each conjugacy class of subgroups of G it follows that for each
finite subgroup S of G, RF (G/S) is non-zero for at most finitely many F ∈ Ω. This shows
that the natural inclusion ⊕
F∈Ω
RF →
∏
F∈Ω
RF
is surjective. Therefore, we obtain a surjection∏
F∈Ω
RF →
⊕
F∈Ω
MF → 0.
A long exact cohomology sequence and the fact that cohomology commutes with products,
now imply that there exists an F ∈ Ω such that HnF (G,R
∗
F ) 6= 0. Since RF = coind
G
QF
(TF )
and QF is the normalizer NG(F ) of F in G , it follows from Shapiro’s lemma and (8) that
HnF(NG(F ), T
∗
F ) 6= 0. Now consider the short exact sequence
1→ F → NG(F )
pi
−→ WG(F )→ 1.
From [25, Th. 5.1], we obtain a convergent spectral sequence
HpF(WG(F ),H
q
F(pi
−1(−), T ∗F )) =⇒ H
p+q
F (NG(F ), T
∗
F ).
Since pi−1(K) is finite, for every finite subgroup K of WG(F ), this spectral sequence
collapses and yields
HnF(WG(F ), TF (NG(F )/pi
−1(−))∗) = HnF(NG(F ), T
∗
F ) 6= 0.
Since MF is obtained form M by taking a certain combination of successive subfunctors
and quotients, and TF (NG(F )/pi
−1(−)) = MF (G/F ) by construction, the theorem is
proven. 
We can now prove the second part of Theorem A.
Theorem 4.10. Let G be a group of finite length, then
Fcd(G) = cdcoM(G) = cdM(G).
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Proof. We may assume that Fcd(G) < ∞, otherwise there is nothing to prove. Since
l(G) <∞, Theorem 3.5 implies that cdcoM(G) ≤ cdM(G) ≤ cd(G) <∞. It follows from
Proposition 4.6 that Fcd(G) = cdcoM(G). Finally, let n = cdM(G). By Lemma 5.1, we
have cdcoM(WG(F )) = cdcoM(NG(F )) and therefore cdcoM(WG(F )) ≤ cdcoM(G) for every
finite subgroup F of G. Since coinvariance functors are cohomological Mackey functors,
Lemma 4.9 implies that cdcoM(G) = cdM(G).

Theorem A naturally leads to the following questions, which partially appear also in
the open questions section of [29]. These questions can be seen as refinements of Nucinkis’
conjecture mentioned in the introduction.
Question 4.11. Let G be a group with l(G) =∞.
(1) Can one have Fcd(G) <∞ but cdcoM(G) =∞?
(2) Can one have cdcoM(G) < cdM(G) ? Can one have cdcoM(G) <∞ but cdM(G) =
∞?
(3) Can one have cdM(G) <∞ but cd(G) =∞?
5. Closure properties of F and M
We begin with the following lemma that deals with extensions with finite kernels. The
statement about cd(Γ) is well known, while the result about Fcd(G) also partially follows
from [9, Prop. 3.8].
Lemma 5.1. Consider a short exact sequence of groups
1→ F → Γ
pi
−→ G→ 1
with F a finite group. One has cd(Γ) = cd(G), cd(co)M(Γ) = cd(co)M(G), and Fcd(G) =
Fcd(Γ).
Proof. By [25, Th. 5.1], we have a convergent spectral sequence
Ep,q2 (M) = H
p
F(G,H
q
F(pi
−1(−),M)) =⇒ Hp+qF (Γ,M)
for every right OFΓ-module M . Since pi
−1(H) is finite for every finite subgroup H of G,
we have HqF(pi
−1(H),M) = 0 for all q > 0 and H0F(pi
−1(H),M) = M(G/pi−1(H)). This
implies that the spectral sequence collapses and yields
HnF(G,M(G/pi
−1(−))) ∼= HnF (Γ,M)
for every right OFΓ-module M . We conclude that cd(Γ) ≤ cd(G). Now let N be a right
OFG-module. The map pi : Γ→ G induces a functor
pi : OFΓ→ OFG : Γ/H 7→ G/pi(H).
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Denote by respi the associated restriction functor for right Bredon modules and let M =
respi(N). Then M(G/pi
−1(−)) = N and hence
HnF(G,N)
∼= HnF(Γ,M)
for every right OFG-module N . It follows that cd(G) ≤ cd(Γ) and hence cd(G) = cd(Γ).
The other algebraic equalities are proven in a similar fashion as the equality for Bredon
cohomological dimension, by restricting to (cohomological) Mackey functor coefficients or
fixed point funtor coefficients. 
Lemma 5.2. Let N be a finite index subgroup of G and assume that cdM(G) = n. The
following hold.
(1) Let M ∈ MackFG be a Mackey functor generated by finite subgroups F ⊂ N . If
HnF(G,M
∗) 6= 0 then HnF(N,M
∗) 6= 0 and hence cdM(N) = n.
(2) If HnF (G,M
∗) = 0 for all Mackey funtors M ∈ MackFG for which M(G/F ) = 0
for all F ⊆ N , then cdM(N) = n.
Moreover, (1) and (2) remain valid when restricting to cohomological Mackey functors
and assuming that cdcoM(G) = n.
Proof. Let us first prove (1). Let indGN (res
G
N) be the induction (restriction) functor as-
sociated to MFN → MFG. Since ind
G
N is left adjoint to res
G
N , we obtain a canonical
map
p : A = indGN (res
G
N(M))→M.
One can easily verify that p(G/F ) is surjective for all F ⊆ N . Since M is generated by
finite subgroups of N , it follows that p is surjective. A long exact cohomology sequence
now yields the exact sequence
HnF(G,A
∗)→ HnF(G,M
∗)→ 0.
Hence, we have HnF(G,A
∗) 6= 0. Now Shapiro’s lemma and Proposition 2.2 imply that
HnF (N,M
∗) = HnF(G,A
∗) 6= 0.
This proves part (1) of the lemma.
Now let M ∈ MackFG such that H
n
F(G,M
∗) 6= 0, denote
R =
⊕
F⊆N
|F |<∞
MF
and consider the following exact sequence of Mackey functors
0→ R0 → R→ M → M0 → 0,
where R0 and M0 are the kernel a cokernel of the natural map from R to M . Since
M0(G/F ) = 0 for all F ⊆ N , it follows from the assumptions of (2) and the long exact co-
homology sequence associated to 0→ R/R0 → M → M0 → 0 that H
n
F(G, (R/R0)
∗) 6= 0.
But then the long exact cohomology sequence associated to 0 → R0 → R → R/R0 → 0
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implies that HnF(G,R
∗) 6= 0. Since R is generated by the finite subgroups of N , it follows
from part (1) of the lemma that cdM(N) = n. This proves part (2).
Note that induction and restriction of cohomological Mackey functors produces co-
homological Mackey functors. Moreover, quotient and subfunctors and direct sums of
cohomological Mackey functors are also cohomological Mackey functors. Therefore, the
preceding arguments remain valid in the context of cohomological Mackey functors and
cdcoM. 
We are now ready to prove Theorem B from the introduction, which gives a partial
answer to Question 6.3 in [29].
proof of Theorem B. We shall only prove the statement for cdM(G). The statement for
cdcoM(G) is proven entirely similar, by restricting to cohomological Mackey functors.
From [25, Th. 5.1] we obtain a convergent spectral sequence
HpF(Q,H
q
F(pi
−1(−),M∗)) =⇒ Hp+qF (G,M
∗)
for every Mackey functor M ∈ MackFG. It follows from Propostion 2.3 that
MFQ→ Ab : Q/F 7→ H
q
F(pi
−1(F ),M∗)
is a Mackey functor. A standard spectral sequence argument now reduces the problem to
the case where Q is finite.
Assume Q is a finite group. We will use induction on the index [G : N ]. If [G : N ] = 1,
then the statement is trivial. Now assume the statement is true for all extensions for
which the order of the quotient group is strictly smaller than |Q|.
We may assume that N is the maximal non-trivial normal subgroup of G, otherwise we
would be done by induction. By assumption, we have cdM(G) = n < ∞ (if cd(N) < ∞
then cd(G) <∞ by [18, Th. 2.4] ) and let M ∈ MackFG be a Mackey functor for which
HnF(G,M
∗) 6= 0. Our goal is to show that n = cdM(N). We may proceed while assuming
that M(G/F ) = 0 for all F ⊆ N , since otherwise we would be done by Lemma 5.2(2).
Choose a collection Ω of finite subgroups of G such that Ω generatesM . We can assume
that Ω contains at most one representative of each conjugacy class of finite subgroups of
G and that Ω does not contain subgroups of N . Since there is a uniform bound on the
lengths of subgroups in Ω, it follows from Lemma 4.9, that there exists a finite subgroup
F of G that is not contained in N such that cdM(NG(F )) = cdM(WG(F )) = n. We now
consider two cases. First assume that pi(NG(F )) = Q. Then NF is a normal subgroup of
G, which implies that pi(F ) = Q since N is maximal normal. It follows that
WG(H) = NG(F )/F ∼= NG(F ) ∩N
/
N ∩ F.
and therefore
n = cdM(WG(F )) = cdM(NG(F ) ∩N) ≤ cdM(N).
We conclude cdM(N) = n.
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Secondly, assume that pi(NG(F )) = Q0 ( Q. In this case, there is a short exact sequence
1→ NG(F ) ∩N → NG(H)→ Q0 → 1
By induction we conclude that cdM(NG(F ) ∩ N) = n and hence cdM(N) = n which
completes the induction and finishes the proof.

Remark 5.3. Let G be a group with a finite index subgroup N . If cd(N) < ∞, then a
geometric construction of Lu¨ck (see [18, Th. 2.4]) implies that cd(G) ≤ [G : N ]cd(N).
In particular, it follows that cd(G) < ∞. Such a result is missing for Mackey functors,
meaning that we do not know whether cd(co)M(N) < ∞ implies cd(co)M(G) < ∞, if we
do not assume that cd(N) < ∞. This is the reason why we must assume that either
cd(N) <∞ or cd(co)M(G) <∞ in the statement of Theorem B. On other hand, Nucinkis’
conjecture implies that cd(co)M(N) <∞ if and only if cd(N) <∞.
Therefore, the following question is of some interest.
Question 5.4. Let G be a group with a finite index subgroup N . Can one prove that
cd(co)M(N) <∞ =⇒ cd(co)M(G) <∞,
without assuming that cd(N) <∞?
Finally, we turn to the proof of Theorem C which requires the following lemma.
Lemma 5.5. A contractible finite dimensional G-CW-complex X and a G-moduleM give
rise to a convergent E1-term spectral sequence∏
σ∈∆p
HqF(Gσ,M
∗) =⇒ Hp+qF (G,M
∗),
where ∆p contains representatives of G-orbits of p-dimensional cells of X and Gσ is the
stabilizer of the cell σ.
Proof. In the proof of Proposition 3.2 of [7] , a convergent E1-spectral sequence∏
σ∈∆p
HqF (Gσ, V ) =⇒ H
p+q(HomF(C∗(X
−)⊗ C∗(EG
−)), V ))
is constructed for every rightOFG-module V . Here C∗((X×EG)
H) = C∗(X
H)⊗C∗(EG
H)
is the cellular chain complex of the H-fixed point set (X ×EG)H , ∆p contains represen-
tatives of G-orbits of p-dimensional cells of X and Gσ is the stabilizers of the cell σ. We
will apply this for V =M∗. Clearly one has
Hr(HomF(C∗(X
−)⊗ C∗(EG
−),M ∗)) = Hr(HomG(C∗(X)⊗ C∗(EG),M))
by adjointness of fixed point functors and evalution at the identity functors. We claim
that
HrF(G,M
∗) ∼= Hr(HomG(C∗(X)⊗ C∗(EG),M)
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for every r ∈ N. To prove this, note that HrF(G,M
∗) = FHr(G,M) by Proposition 3.1.
Hence, since X × EG is a contractible proper G-CW-complex, it suffices to show that
C∗(X)⊗C∗(EG)→ Z is H-split when restricted to a finite subgroup H of G. By Corollary
3.4 in [31], we know that C∗(EG)→ Z is H-split, and by Theorem 1.4 in [15] the complex
C∗(X)→ Z is also H-split. We therefore conclude that C∗(X)⊗ C∗(EG)→ Z is H-split
by Lemma 2.3 in [31]. This proves the lemma.

proof of Theorem C. Property (1) for Fd is proven in [31, Lemma 2.1], and also follows
from Shapiro’s lemma, (8) and Lemma 4.3. Property (1) for Md is proven in (11), while
Property (2) follows from Lemma 5.1. Property (3) is immediate from Theorem B, since
all groups in L ∩Mc have finite Bredon cohomological dimension for proper actions, by
Theorem A.
Now assume that X is a contractible G-CW-complex of dimension at most n and with
isotropy groups in Fd. For a G-module M , it follows form the spectral sequence of the
Lemma 5.5 that Hn+d+1F (G,M
∗) = 0. This proves Property (4).
Finally, assume that G that act by isometries, discrete orbits and with isotropy in Fd
or Md on a separable CAT(0)-space Y of topological dimension at most n. Following the
proof of Theorem A in [6] one can use Proposition 2.6 in [6] to find a G-CW-complex X
of dimension at most n and with isotropy in Fd or Md together with cellular G-maps
EG
f
−→ X × EG
g
−→ EG
such that g◦f is G-homotopy equivalent to the identity map via cellular maps. By passing
to cellular OFG-chain complexes, we obtain chain maps
C∗(EG
−)
f
−→ C∗(X
−)⊗ C∗(EG
−)
g
−→ C∗(EG
−)
such that g ◦ f is chain homotopy equivalent to the identity map. This implies that for
every right OFG-module M and every r ∈ N, we have maps
HrF(G,M) = H
r(HomF(C∗(EG
−),M))→ Hr(HomF(C∗(X
−)⊗C∗(EG
−),M))→ HrF(G,M)
whose composition is the identity map. We deduce that HrF(G,M) injects into
Hr(HomF(C∗(X
−)⊗ C∗(EG
−),M))
for every r ∈ N. As noted in the proof of Lemma 5.5, there is a convergent E1-spectral
sequence ∏
σ∈∆p
HqF (Gσ,M) =⇒ H
p+q(HomF(C∗(Y
−)⊗ C∗(EG
−)),M)
for every M ∈ OFG-Mod. Property (5), respectively (6), now follows from this spectral
sequence by restricting to fixed point functor coefficients, respectively Mackey functor
coefficients, and assuming that Y (and hence X) has isotropy in Fd, respectively Md.

31
The following question now also presents itself.
Question 5.6. Does property (3) of Theorem C remain valid when we remove L? Does
property (4) of Theorem C remain valid if we replace F with M?
We finish this paper by pointing some consequences of the conjecture by Nucinkis
stating that
(16) Fcd(G) <∞ =⇒ cd(G) <∞
for all groups G. For a countable group N with cd(N) < ∞, let EN be the class of all
groups that arise as extensions of subgroups of N by finite groups, and define the invariant
δ(N) = sup{cd(Γ) | Γ ∈ EN}.
A more restrictive version of this invariant (that only allows extensions by finite cyclic
groups) was defined in [5] as a tool for studying the behavior under group extensions
of Bredon cohomological dimension for the family of virtually cyclic subgroups (denoted
by cd). There are no groups N known for which cd(N) < ∞ but δ(N) = ∞, but it is
in general a very difficult problem to determine whether or not δ(N) is finite for a given
group N . On the other hand, let N ∈ L∩F and assume that δ(N) =∞. Then there must
exist a collection of groups {Γi}i∈N such that Γi has a finite index subgroup contained in
N and cd(Γi) ≥ i. It follows property (3) of Theorem C that Fcd(Γi) ≤ Fcd(N) < ∞
for every i ∈ N. Now define G as the infinite free product of all the groups Γi. Then
clearly one has cd(G) = ∞. On the other hand, by considering the action of G on the
Bass-Serre tree associated to this free product, one obtains form property (4) of Theorem
C that Fcd(G) ≤ 1 + Fcd(N) <∞. We are led to the following observation.
Observation 5.7. Assuming that (16) is true, the following three statements hold.
(1) One has δ(N) <∞ for all N ∈ L ∩ F.
(2) The class of groups containing all groups with finite length and finite Bredon
cohomological dimension for the family of finite subgroups, is closed under group
extensions.
(3) The class of group containing all groups with a uniform bound on the orders of
their finite subgroups and with finite Bredon cohomological dimension for the
family of virtually cyclic subgroups, is closed under group extensions.
Observation (1) follows from the discussion above. Observation (2) follows from observa-
tion (1) and a simple spectral sequence argument (see [25, Cor 5.2]). Finally, observation
(3) follows from combining observation (1), [5, Th. B] and [18, Th. 2.4] together with a
similar spectral sequence argument as before.
32
References
[1] Baum, P., Connes, A. and Higson, N., Classifying space for proper actions and K-theory of Group
C∗-algebras, Contemporary Mathematics 167 (1994), 241-291
[2] Bredon, G., Equivariant cohomology theories, Lecture Notes in Mathematics 34, Springer (1967).
[3] Brown, K.S., Cohomology of groups, Graduate texts in mathematics 87, Springer-Verlag (1982)
[4] Davis, J and Lu¨ck, W., Spaces over a category and assembly maps in isomorphism conjectures in
K- and L- theory, K-theory 15 (1998), 201–252.
[5] Degrijse, D. and Petrosyan, N., Geometric dimension of groups for the family of virtually cyclic
subgroups, preprint (2012)
[6] Degrijse, D. and Petrosyan, N., Bredon cohomological dimensions for groups acting on CAT(0)-
space, preprint (2012)
[7] Dembegioti, F., Petrosyan, N. and Talelli, O., Intermediaries in Bredon (Co)homology and Clas-
sifying Spaces, Publicacions Matema`tiques Vol. 56 Nr. 2 (2012), 393–412
[8] Fluch, M., On Bredon (co-)homological dimensions of groups, Ph.D. Thesis (2011) (on arXiv)
[9] Gandini, G. Cohomological invariants and the classifying space for proper actions, Groups, Ge-
ometry, and Dynamics, Vol. 6 Nr. 4 (2012), 659–675
[10] Gandini, G. and Nucinkis, B., Some H1F-groups with unbounded torsion and a conjecture of
Kropholler and Mislin, Forum Mathematicum (to appear) (2013)
[11] Guido’s book of conjectures: a gift to Guido Mislin on the occasion of his retirement from ETHZ,
June 2006 Monographies de L’Enseignement Mathe´matique, Vol. 40 (2008)
[12] Hambleton, I., Taylor, L. and Williams, E., Mackey functors and bisets, Geometriae Dedicata,
Vol. 148 Nr. 1 (2010), 157–174
[13] Hambleton, I. and Pamuk, S. and Yalc¸in, E. Equivariant CW-complexes and the orbit category,
Commentarii Mathematici Helvetici.(to appear)
[14] Kropholler, P. and Mislin, G., Groups acting on finite dimensional spaces with finite stabilizers,
Commentarii Mathematici Helvetici, Vol. 73 Nr. 1 (1998), 122–136
[15] Kropholler, P. and Wall, C. Group actions on algebraic cell complexes, Publicacions
Matema`tiques, Vol. 55 Nr. 1 (2011), 3–18
[16] Leary, I. and Nucinkis, B., Some groups of type VF, Invent. Math. 151 (1) (2003), 135–162
[17] Lu¨ck, W., Transformation groups and algebraic K-theory, Lecture Notes in Mathematics, Vol.
1408, Springer-Berlin (1989).
[18] Lu¨ck, W., The type of the classifying space for a family of subgroups, J. Pure Appl. Algebra 149
(2000), 177–203.
[19] Lu¨ck, W., Equivariant cohomological Chern characters, International Journal of Algebra and
Computation, Vol. 15 (2005), 1025–1052
[20] Lu¨ck, W., Survey on classifying spaces for families of subgroups, Infinite Groups: Geometric,
Combinatorial and Dynamical Aspects, Springer (2005), 269–322.
[21] Lu¨ck, W., and Meintrup, D., On the universal space for group actions with compact isotropy,
Proceedings of the conference “Geometry and Topology” in Aarhus, (1998), 293–305.
[22] Lu¨ck, W., and Oliver, B., The completion theorem K-theory for proper actions of a discrete group,
Topology, Vol 40 Nr. 3 (2001):585–616
[23] Lu¨ck, W. and Reich H., The Baum-Connes and the Farrell-Jones conjectures in K- and L-theory,
Handbook of K-theory. Vol. 2, Springer, Berlin (2005), 703–842
[24] Mislin, G. and Valette, A., Proper group actions and the Baum-Connes conjecture, Birkhauser
Verlag (2003)
[25] Mart´ınez-Pe´rez, C., A spectral sequence in Bredon (co)homology, J. Pure Appl. Algebra 176
(2002), 161–173.
33
[26] Mart´ınez-Pe´rez, C., A bound for the Bredon cohomological dimension, J. Group Theory, Vol. 10
Nr. 6 (2007), 731–747
[27] Mart´ınez-Pe´rez, C., Subgroup posets, Bredon cohomology and equivariant Euler characteristics,
Trans. Am. Math. Soc. (to appear)
[28] Mart´ınez-Pe´rez, C., Euler classes and Bredon cohomology for groups with restricted families of
finite subgroups, Mathematische Zeitschrift (to appear)
[29] Mart´ınez-Pe´rez, C. and Nucinkis, B., Cohomological dimension of Mackey functors for infinite
groups, Journal of the London Mathematical Society, Vol. 74 Nr. 2 (2006), 379–396
[30] Nucinkis, B., Cohomology relative to a G-set and finiteness conditions, Topology and its Appli-
cations, Vol. 92 Nr. 2 (1999), 153–171
[31] Nucinkis, B., Is there an easy algebraic characterisation of universal proper G-spaces?,
Manuscripta Mathematica, Vol. 102 Nr. 3 (2000), 335–345
[32] Nucinkis, B., On dimensions in Bredon homology, Homology, Homotopy and Applications Vol. 6
Nr. 1 (2004), 33–47
[33] Symonds, P. The Bredon cohomology of subgroup complexes, Journal of Pure and Applied Algebra,
Vol. 199 Nr. 1 (2005), 261–298
[34] The´venaz, J. and Webb, P., The structure of Mackey functors, Trans. Am. Math. Soc., Vol. 347
Nr. 6 (1995), 1865–1961
[35] Webb, P., A guide to Mackey functors, Handbook of algebra, Vol. 2 (2000), 805–836
Department of Mathematics, KU Leuven, Kortrijk, Belgium
E-mail address : Dieter.Degrijse@kuleuven-kulak.be
